Abstract. The study is intended to measure the reliability of MPV dashboard to endure interior impact by using finite element analysis (FEA) method. A model which represents MPV dashboard was made using Solidworks and the impact simulation was done using ABAQUS.
Introduction
The cockpit module of automobiles usually consists of an instrument panel (IP), a steering column system, a HVAC system. To satisfy its design goals which are the quality requirements specified by manufacturer and to meet safety regulations such as Federal Motor Vehicle Safety Standard No. 201 (FMVSS 201) Most of the analytical tools used for cockpit module safety and comfort analyses are based on Finite Element Methods (FEM), which have become increasingly robust and powerful over the years due to the advance in computing power [1] .
The purpose for this analysis is to measure crashworthiness of automobile dashboard against interior impact which is commonly caused by passenger during frontal crash. To achieve it, an interior impact simulation was created using finite element software which is ABAQUS FEA software was used. With these, reduction of manufacturing cost by mean of finding an alternative material to substitute current material is possible.
At the initial development phase, predictions of safety-related performance of the cockpit module have a higher priority than other items and are mostly accomplished by numerical simulations before making prototypes [2] .
Methodology
This chapter describes the methods used in carrying out this project which involves only simulation works. The head form, dashboard, and cross cowl structure assembly are shown in Figure 4 . This simulation is developed to determine the impact energy resulted from the collision of head form and dashboard. From the energy plot, analysis of crashworthiness can be done in order to determine whether the current design can withstand interior impact. The graphical presentation of workflow is shown in Figure 1 . Difficulty in this choice resides in being able to combine robustness, accuracy and stability of the algorithm. Implicit algorithms require iterative solutions for each time increment (time step), contrarily to explicit ones. But for stability reasons, explicit methods use smaller time steps than implicit ones [3] . 
Results
The input variable is material which is thermoset polymer or engineering polymer. The materials being assessed were Polyvinyl Chloride (PVC) copolymer, Polypropylene (PP) copolymers, and Acrylonitrile Butadiene Styrene (ABS) copolymers.The result outputs from the simulation are kinetic energy (ALLKE), strain energy (ALLSE), internal energy (ALLIE), and total energy (ETOTAL). In Figure 5 (b), ALLKE decreases quadraticaly after the indenter contacted with dashboard surface. Minimum kinetic energy reduction for each material is shown in Table 1 . This result can be related to rigidity properties of material. ABS-CF10 has higher Young's modulus value compared to ABS-GF10 which makes it stiffer and thus the kinetic energy from the impact can be highly reduced. Mesh Assignment on models created using appropriate meshing type. Analysis on the models End 
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The other result from the graph plot to be discussed is ALLSE. Strain energy is the energy expanded from the impact of head form in deforming the dashboard. ABS-CF10 has higher strain energy and the energy dissipation is faster compared to ABS-GF10. Fig. 5 (c) shows all energy plots for PP-PTFE where it can be seen that the material exhibit large difference in material behavior compared to other PP copolymers. PP-PTFE is not suitable since it shows a long impulse time during impact which also indicates that the material is too ductile. This behavior restricting the use of PP-PTFE with current design of MPV dashboard. Due to its soft behavior, large deformation occurred on the dashboard which is caused by impact of head form. The dashboard displacements due to impact of head form are shown in Fig. 6 and the visualizations of impact of simulation are shown in Fig. 7 that shows dashboard deformation. It was found that all material pass the requirement of non failure under impact loading. 
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Mass for all materials type can be obtained from ABAQUS/CAE. The value of mass is verified using Equation (1) which is the density-volume relationship. Mass for all different type of materials selection is shown in Table 2 . Hence, the raw material cost can be calculated using Equation (2) and from the raw material price in Table 2 . From the energy plot, PP-GF10 is the most favorable choice based on the raw material price and material behavior under impact which is no less inferior to ABS plastics. Switching to PP-GF10 as alternative material can reduce cost up to minimum of RM 33.17 for every single dashboard produced.
(Eq. 1)
Where; M = mass, ρ = density, V = volume (Eq. 2) 
Discussion
The impact was simulated at 50 millisecond interval for all type of materials. Since impact occurs in a very short interval, dashboard must be able to absorb most of the impact energy and the dashboard itself must not fail. Polymeric material which exhibits a low yield stress, with a high Young's modulus and a large plastic strain to failure (highly ductile) should be considered for replacement [4] . ABS is the most stiff based on the high elastic modulus value and it was proven from the energy plot with a very short response time. Despite its short response time, this behavior for ABS may inflict internal damage to the passenger.
Material behavior during the impact simulation for PP-CF10, PP-GF10, and PVC-GF30 are quite similar. PP-PTFE exhibit different material behavior compared to other PP polymers. PP-PTFE is not suitable since it shows a long impulse time during impact. From the results, PP-GF10 is the most favorable choice based on the raw material price and material behavior under impact which is no less inferior to ABS plastics. Switching to PP-GF10 as alternative material can reduce cost up to minimum of RM 33.17 for every single dashboard produced.
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Summary
Modeling and impact simulation on automobile MPV dashboard was successfully developed using SolidWorks and ABAQUS software. The time for developing a prototype can be greatly reduced from months to only few weeks through the FEA simulation method. From the results, it was proven that the current design is reliable to withstand interior impact according to standard regulations stated in the literature review section. In this paper, the author also uses this software as a key solver to reduce manufacturing cost of dashboard. It was found from the results that Polypropylene copolymer can be the replacement material for reinforced ABS which is currently being used to manufacture MPV dashboard. PP-GF10 was chosen as replacement material as it complies with the safety regulation and the material is cheaper than ABS-GF40. Validation of FEA results need to be carried out using experimental method. Results from numerical and experimental methods are evaluated using percentage difference as preliminary step [4] . Several testing procedures need to be carried out (for both numerical and experimental and the procedure with the lowest percentage difference will be selected as the preferred testing procedure. Geometry optimization can be implemented as one of the solutions to impact crashworthiness improvement without material replacement. However, it will lead to higher degree of workload since manufacturing consideration will be the main concern.
